¢

LAWRENCE
LIVERMORE
NATIONAL
LABORATORY

LLNL-CONF-413812

Pressure-Induced (delta) to
(alpha)' Phase Transformations
In a Pu-Ga Alloy

A. J. Schwartz, M. A. Wall, D. L. Farber, J. R.
Jeffries, K. J. M. Blobaum

June 10, 2009

IXth US-Russian Workshop on the Fundamentals of Pu
Science

Pleasanton, CA, United States

July 18, 2009 through July 19, 2009



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.



Pressure-Induced o to o’ Phase Transformations in a Pu-Ga Alloy

A.J. Schwartz, M.A. Wall, D.L. Farber, J.R. Jeffries, and K.J.M. Blobaum
Lawrence Livermore National Laboratory, Livermore, CA 94550, USA

Well-homogenized Pu-2 at.% Ga alloys can be retained in the metastable face centered
cubic o phase at room temperature. Ultimately, this metastable 6 phase will decompose
via a eutectoid transformation to the thermodynamically stable monoclinic a phase and
the intermetallic compound Pu3Ga over a period of approximately 10,000 years. In
addition, these low solute-containing d-phase Pu alloys are also metastable with respect
to low temperature excursions or increases in pressure. d-phase alloys are known to
undergo an incomplete isothermal martensitic phase transformation that results in a
microstructure consisting of ~20 um long lath-shaped particles of the o” phase dispersed
within the & matrix. The ~20% volume contraction between the 6 and o” phases requires
significant elastic and plastic accommodation. Transmission electron microscopy (TEM)
has shown that the dislocation density in the vicinity of the tips of the o particles is about
an order of magnitude larger than in the 5-phase matrix. The d-phase will also transform
to the monoclinic o phase at slightly elevated pressure. In this study, 3-phase Pu-Ga
specimens, 2.3 mm diameter by 100 microns thick were compressed to approximately 1
GPa in a large volume moissanite anvil cell — shown in Figure 1 — to induce the
transformation to o’.

Fig. 1. Photograph of large volume moissanite anvil cell used for compressing TEM-
sized samples.



The recovered samples were characterized at ambient pressure with optical microscopy,
x-ray diffraction, and transmission electron microscopy. Optical microscopy revealed a
very fine microstructure that appears to be single phase. This preliminary conclusion was
supported by x-ray diffraction, which showed only the monoclinic reflections from the o’
phase. However, TEM and electron diffraction revealed small regions of 6 phase with a
very high dislocation density interspersed between the 10 — 100 nm o grains as shown in
Figure 2.
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Fig. 2. Bright-field TEM image of a Pu — 2.0 at.% Ga sample that was compressed to 1
GPa and characterized at ambient pressure. The insert shows an electron diffraction
pattern from a neighboring area that reveals Bragg peaks from both the (2 and o phases.
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